Abstract: Input-output linkages and multipliers are the two measures that are frequently used to find the drivers of an economy. Deriving from these two measures based on the traditional approach fails to consider the relative sectoral sizes. This paper introduces new linkage and multiplier measures that do not solely adjust for the relative sizes, but also extend the measures for policy-relevant indicators in Malaysia.
Introduction
In the fields of development and planning economics, input-output analysis was used extensively to determine key sectors of economic drivers. The key sectors of economic drivers were previously identified based on two commonly used measures of linkages and multipliers. Backward and forward linkages measure the level of dependencies of intermediate input purchases and intermediate input sales for a given sector. A sector may have large backward and forward linkages, however, that does not tell policy makers whether that sector is passively receiving impulses from other sectors or actively sending impulses to other sectors. Consequently, the existence of large Identifying Drivers of the Malaysian Economy Using Policy-Relevant Measures measured linkages in terms of gross output. However, in order to be more relevant for policy formulation, the linkages should be analysed using measures that reflect the main policy goals. For example, an analysis of value added linkages may be more appropriate to be used in planning towards becoming a high income nation by 2020. In the field of linkages, the current literature shows that applications of environmental measures were widely used in examining environment-related policies (see for example, Morán & González, 2007; . In addition to that, all of the studies that were mentioned above did not adjust for the different sectoral sizes in the linkage measures.
In contrast to the linkage measures, the multiplier measures were used to calculate not only gross output, but also income, value added and employment (see Penang Institute, 2015; Sauian, Kamaruddin, & Rani, 2004; Puasa & Radam, 2007; Bekhet, 2011; Fuad & Puasa, 2011; Mazumder, Ahmed, & Raquib, 2011; Hassan & Jenggie, 2012) . The multipliers were calculated for the overall sector, as well as on selected sectors, such as education, tourism, agriculture, transportation, finance, and the National Key Economic Areas (NKEA). However, all studies that were mentioned above did not consider the difference in sectoral sizes. We will explain in the following discussion why sizes matter. It is also important to note that emphasising output linkages without considering sectoral sizes are common in most studies involving other countries (see Sabiroglu & Bashirli, 2012; Morrissey & O'Donoghue, 2013 for multipliers, and Cristóbal & Biezma, 2006; Chun et al., 2014 for linkages) .
In regard to discussing the limitations of the traditional approach in measuring linkages and multipliers, the following aggregated input-output table for the year 2010 (Table 1 ) was used to illustrate. In this input-output table, there are five aggregated sectors: agriculture (agr), mining and quarrying (min), manufacturing (man), construction (con), and services (ser). Final demand is aggregated in one category, while primary inputs are separated between value added and imports. Panel A presents the inputoutput flows, expressed in billions of Malaysian ringgit (RM). In the input-output table, row (i) indicates the intermediate and primary inputs purchased by each sector, while column ( j) shows sales of output to other sectors as intermediate demands and final demand. The relationship between the sectors can be represented by the following expressions.
(1)
The matrix Z denotes the intermediate deliveries, while each element of z i j indicates the amount of commodities sector i used by sector j. The vector f represents the final demand. Summing across the columns, the total gross output throughout the economy, x can be found in equation (1). The same value of input (since = x) can be found by summing across the rows, as represented by Equation (2).
(2) 1 For clarity, matrices are indicated by bold, upright capital letters; vectors by bold, upright lower case letters; and scalar by italicised lower case letters. Vectors are columns by definition, therefore, that row's vectors are obtained by transposition, indicated by a prime (e.g. ). A diagonal matrix with the elements of vector x on its main diagonal and all other entries equal to zero are indicated by a circumflex (e.g. ). A summation vector is represented by i.
′ ′
The vector v shows the value added and the vector m gives the sectoral imports. Equations (1) and (2) are simply two alternative ways of summing all of the elements in the table.
For linkages, the backward and forward measures were calculated based on the Leontief inverse matrix and the Ghosh inverse matrix, respectively. Panels B and C provide the Leontief and Ghosh inverse matrices. In the Leontief inverse matrix, the Identifying Drivers of the Malaysian Economy Using Policy-Relevant Measures interdependencies among the production sectors can be shown based on the following material balance equation,
where x is the vector for gross output, is known as the technical coefficient or input-output coefficient, while f is the vector for final demand. In the standard Leontief model, equation (3) can be transformed and solved in a matrix notation as follows, (4) where I is the identity matrix, and is known as the Leontief inverse matrix or the multiplier matrix. Each element of the Leontief inverse matrix shows total output effects (both the direct and indirect effects) for any sector j to satisfy each unit of final demand. The Leontief model is essentially a demand-driven model, where the exogenous final demand determines the output and supply variables, such as value added and imports.
In contrast to the Leontief model, the Ghosh model is a supply-driven model, where variables of value added and imports are the exogenous components, while the final demands are endogenously determined. It provides an alternative interpretation that relates to sectoral gross production to the primary inputs, which is to a unit of value entering the inter-industry system at the beginning of the production process. Technically, the supply-driven model operates by 'rotating' or transposing the vertical (column) view of the model to a horizontal (row) view. The Ghosh model can be summarised as follows: (5) where represents the output coefficient matrix and is the vector of primary inputs (i.e. value added and imports). Each element of the matrix output coefficient shows the delivery z ij of commodity sector i to sector j per unit of the seller's output. The solution for (5) is:
Based on the Leontief and Ghosh inverse matrices in Panels B and C, we calculate the backward and forward indices for output as follows:
for backward linkages (7) for forward linkages (8) where l ij indicates an element of the Leontief inverse matrix and b ij represents an element of the Ghosh inverse matrix. In previous literature, linkages in Malaysia were
measured using equations (7) and (8) (see for example, Rashid & Jan, 2002; Bekhet, 2010; Azmi et al., 2012) . For both equations, the first term on the right-hand side is multiplied by (1/n) to get the average response of backward and forward linkages to an increase in demand and supply. The second term on the right-hand side represents the average of the backward and forward linkage effects relative to the total economy. Calculation results are presented in Panel D. If the values of both forward and backward linkages are greater than one for a particular sector, it implies that the sector plays a significant role in national economic development by supporting (forward linkage effects) as well as boosting (backward linkage effects) other sectors.
In Panel D, we also calculate the output multiplier based on the Leontief model.
Specifically, the output multiplier for each sector is simply equal to the summation of the Leontief inverse matrix along the rows. It is important to note that the Leontief model was used extensively in the literature whereas the application of the Ghosh model was very limited. In many cases, the Ghosh model was implausible (see Oosterhaven, 1996; Dietzenbacher, 1997; Miller & Blair, 2009 ), therefore, we will not discuss an analysis of the Ghosh model. From the assessment of the linkages and multipliers, the results in Panel D clearly show the importance of the construction sector in the Malaysian economy. The backward linkage effect for this sector is 1.117 and the forward linkage effect was closer to one at 0.928, indicating the potential of the construction sector in booming and supporting other sectors. The output multiplier measures the impact on output for each additional unit of the final demand. Results for the output multiplier clearly show that the construction sector has the largest impact on the economy. Therefore, this method suggests that policy makers should consider the construction sector to be the key sector or driver of the Malaysian economy.
In regard to policy, linkage and multiplier measures in Panel D are less relevant. For multipliers, analysing the effect of a one-unit increase in the final demand may be less appropriate in policy contexts. It is implicitly assumed that the policy cost of stimulating growth is equal for all sectors. This may not be realistic because a one-unit increase usually requires more efforts in a smaller sector than it does in a large sector (Dietzenbacher, 2005) . The conflicting implication between the multipliers and the actual contribution of the construction sector can be clearly observed in Panel D and Panel A. Moreover, the total output multiplier for the construction sector is the highest, however, this sector contributes only 3.83 percent to the total output of the economy. This shows that the relative size of sectors is a matter to be considered when deriving linkage and multiplier measures.
Linkage and multiplier measures in Panel E were calculated by taking into account the relative size of sectors. From Temurshoev and Oosterhaven (2014) , the linkage and backward measures that were adjusted for sizes can be summarised as follows: for backward linkages (10) for forward linkages (11)
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Following Miller and Blair (2009) , the output multipliers that are adjusted for sectoral sizes can be derived as follows:
where is a diagonal matrix showing each sector's final demand as a proportion of the total final demand, is a measure of relative sectoral sizes. Therefore, Equation (12) shows the effect on a sector's output due to a $1 increase in final demand, which is distributed across sectors according to their proportion to total final demand.
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Estimations for Equations (10), (11) and (12) are presented in Panel E. Results show that the manufacturing sector was a key sector or a driver of the Malaysian economy. The magnitude of backward and forward linkages for the manufacturing and construction sectors were comparable. However, the capacity of the manufacturing sector in generating output for each $1 increase in final demand was 13 times larger than that of the construction sector. Furthermore, the multipliers that were adjusted for sectoral sizes have a good feature in that their summation (across sectors) was equal to the total impact on the whole economy. Therefore, the results in Panel D and Panel E clearly indicate the importance of relative sectoral sizes in deriving the linkage and multiplier measures. The linkage and multiplier measures that do not consider relative sectoral sizes may lead to inaccurate policy decisions. The next section of this paper further develops the linkage and multiplier measures that can be extended beyond the output analysis.
Policy-relevant Linkage and Multiplier Measures
The standard linkage measures in Equations (7) and (8) have a limitation in that they can only measure output-linkages. An extension of the measures for other policy-relevant variables, such as value added requires further development of the methodology. In this study, we applied the hypothetical extraction method (HEM) that was predominantly used in the current linkage literature (see for example, Guerra & Sancho, 2010; Saari et al., 2013; Wang et al., 2013; Ali, 2015; Zhao, Y., Zhang, Z., Wang, S., Zhang, Y., & Liu, Y., 2015) . There are two main advantages of using this technique. Firstly, it is able to explicitly quantify the degree of interdependencies among sectors in monetary and index forms. Secondly, it can be extended to measure not only output-linkages, but also other variables, such as value added, income generation, employment and CO 2 emission. Therefore, results from the HEM are highly useful for policy purposes.
The central idea of HEM is that the hypothetical elimination of a complete sector in the economic system allows for estimating an economy-wide contribution of a particular sector (for an overview, see Temurshoev & Oosterhaven, 2014) . By leaving the technical production process in a variant, it is thus assumed that the inputs required for the production are no longer delivered by the sector within the system, but has its origin outside the system. For backward linkages, HEM nullifies the i-th column of 2 This type of multiplier is called 'growth equalised' multiplier in Miller and Blair (2009) 
the input coefficient matrix, denoted by A -i , and nullifies the i-th element of the final demand vector, denoted by f -i . As a consequence of this nullifying process, the vector of total output after extracting sector i is given by:
For forward linkages, HEM nullifies the i-th row of the output coefficient matrix, denoted by B -i , and nullifies the i-th element of the primary input vector, denoted by d -i . Therefore, the total input after extracting sector i is given by:
The normalised backward and forward linkages due to the complete extraction can be derived as follows:
where and represent the total output and total input after extraction of the sector i.
For a more policy-oriented analysis, Equations (13) through (15) can be further extended in a generalised form, taking into account specific variables, such as value added, tax and employment. If the policy direction is to maximise the economic growth, the linkage and multiplier measures must be calculated for value added instead of output. The use of an output measure may misguide policy decisions because a higher output multiplier does not necessarily imply a higher value added if the sectors highly depend on imported inputs. To verify this argument, we calculate value added and output multipliers in Appendix 1. For the Office, Accounting, and Computing Machinery sector (Sector 69), the value added multiplier, which is calculated based on the traditional approach, is 0.332 or 25 percent of the total output multiplier of 1.349. This is in contrast to the Paddy sector (Sector 1), in which the value added multiplier is 0.920 or 79 percent of the total output multiplier of 1.171. Clearly, determining sector importance based on output measure is misleading and therefore, this paper extends the linkage and multiplier measures for value added indicator.
To illustrate the extended measures, the value added coefficient will be defined as π, indicating the value added per unit of output produced. In matrix form, the value added coefficient can be expressed as where value added is formed in a diagonal matrix. We can simply derive the backward and forward linkage measures for value added as follows: (16) where Furthermore, the generalised form of Equation (16) can be extended to other policy-relevant variables.
Identifying Drivers of the Malaysian Economy Using Policy-Relevant Measures Equation (12) in Section 2 provides an extension for the output multiplier that takes into account the relative sectoral size. The value added multipliers, which are adjusted for relative sectoral sizes, is straightforward and can be expressed as follows:
It is also important to note that the final demand vector, f, consists of private consumption, government consumption, investment and exports. Therefore, Equation (17) has a unique feature that can be further extended to account for the multiplier impact of a specific final demand component on the value added. We are able to determine the sectors with the highest multiplier impact on value added for each $1 increase in exports, private consumption, and so on.
The next section discusses the main results from the analyses, aiming at determining the drivers of the Malaysian economy. A comparison between the results from the traditional approach and the new approach are also provided. Analyses were run by using the latest input-output 
Empirical Findings
Recall that in Section 2, the linkage and multiplier measures for output using the traditional approach and the new approach were calculated. The linkage and multiplier measures were calculated based on an aggregated input-output table that consists of five main sectors (agriculture, mining and quarrying, manufacturing, construction and services). These sectoral breakdowns are consistent with the sectoral grouping in the Eleventh Malaysia Plan, 2016-2020 (see Economic Planning Unit, 2015). Analyses in Section 2 clearly show the differences between the traditional approach and new approach in finding drivers for the economy. For all sectors, the traditional multiplier overestimates the actual impacts on output. This also holds for the 124 individual sectors as shown in Appendix 1.
In regard to policy, the traditional approach incorrectly determines the driver of the economy. The output multiplier derived from the traditional approach implicitly assumes that the size of all sectors is equal. The multiplier was interpreted to be the economy-wide impact on output for each $1 increase in final demand for each sector. The impact of a $1 increase in final demand for the construction sector differs from the impact generated by a similar increase in the final demand for the manufacturing sector, depending on the size of the final demand. Panel A in Table 1 shows that the share of the final demand for the construction sector to the total final demand was 4.2 percent compared to 56.4 percent for the manufacturing sector. The relatively smaller share of final demand for the construction sector explains why a growth-promotion policy is likely to have an insignificant impact on the rest of the economy.
In determining the drivers of the Malaysian economy, the policy variables should be targeted on the value added instead of output for two main reasons. Firstly, sectors with higher output linkages are not necessarily associated with higher value-added linkages. The output measure also includes imports, and therefore, sectors that are
associated with higher leakages imply a lower value added (although output linkages are higher). Secondly, the current government development plans have emphasised on the promotion of high value-added activities that may help in achieving the targeted growth. Analysing the value-added linkages can provide useful information for policy makers in Malaysia. Table 2 presents the backward and forward linkages for value added in five aggregated sectors that were calculated based on the new approach. The results for the 124 sectors in detail are provided in Appendix 1. However, these results could not be compared with the traditional approach because the model [see Equations (7) and (8)] was developed only for output linkages, while an extension for value added linkages require an expansion of the current methodology, which is beyond the scope of this paper.
Recall that if the values of both forward and backward linkages are greater than one for a particular sector, this implies that the sector plays a significant role in the domestic economic growth by boosting the value added of other sectors (backward linkages) and supporting the value added of other sectors (forward linkages). Alternatively stated, a backward linkage index above 1 implies that the value added of the rest of the sectors is more dependent on a particular sector compared to the dependency of the sector on the rest of the sectors. The reverse situation is applied for forward linkages. The results in Columns 1 and 2 of Table 2 indicate that the manufacturing and construction sectors have the strongest backward and forward linkages. This implies that the value added generated in the agriculture, mining and quarrying, and services sectors are highly dependent on the linkages of the manufacturing and construction sectors.
As previously mentioned in Section 1, higher backward and forward linkages do not inform the causality, but rather indicates the degree of economic integration. The most important information for policy makers is the impact, where the linkage analysis must correspond with the multipliers. Column 3 presents the value added multipliers, indicating the impact on value added that is potentially generated for each $1 increase in final demand. The results clearly indicate that the manufacturing sector is the driver for the Malaysian economy, by showing the highest degree of interdependencies and associations with the biggest impact on value added. In Appendix 1, the following four sub-sectors show a large contribution to the value added multiplier in the manufacturing sector: oils and fats (0.049); petroleum refinery (0.037); TV, radio receivers, transmitters and related goods (0.030); as well as semi-conductor devices, tubes and circuit boards (0.028). For oils and fats, each $1 increase in final demand generates $0.049 value added to the total economy, which is equivalent to 19 percent of the total value added multiplier in the manufacturing sector. Therefore, if the results of the traditional approach (see Column 4) are relied upon, it may provide an inaccurate identification of the driver of the economy.
The growth and structural transformation of industrialised Asian economies, such as Japan and South Korea provides strong support for our results. By engaging themselves in manufacturing activities, these countries sustained high growth rates for decades (Rodrik, 2014) . In developing countries like China, the manufacturing sector plays a highly significant role with the gross value added recorded in 2013 being equal to 28.9 percent of the GDP (Morrison, 2013) . This contribution was relatively higher than the gross value added that was generated in the United States (12.1 percent) and Japan (18.7 percent).
Empirical evidences for developing economies consistently verify the significance of the manufacturing sector to the economic prosperity and should not be neglected since it has its own importance to the economy. Szirmai and Verspagen (2015) found positive impacts of manufacturing growth as the engine of economic growth. However, such effects were not found for the services sector. In addition, Su and Yao (2016) indicate that the manufacturing sector is the major key engine of growth, especially for middle income economies due to its three distinctive characteristics. Firstly, the manufacturing sector has high spillover effects that may bring positive impacts to the growth of other sectors in both the short-run and long-run. Secondly, the development of this sector promotes saving incentives, technological accumulation, and drives the demand for capital and investment. Thirdly, the manufacturing sector intensifies the utilisation of domestic inputs.
Column 5 reports the average annual growth of value added for the period of 2011-2014. In the Tenth Malaysia Plan (2011) (2012) (2013) (2014) (2015) , the economy was projected to expand at an average growth rate of 6.0 percent per annum. For the period of 2011-2014, the economy was expected to expand by the average annual growth of 5.3 percent, which was largely driven by the growth in the construction sector at an average growth of 11.2 percent. The construction sector showed a significant contribution to the growth of value added for 2012, 2013 and 2014, which were recorded at 18.1 percent, 10.8 percent and 11.8 percent, respectively. In regard to growth, it may be argued that the targeted growth of the Tenth Malaysia Plan may be achieved by targeting growth on the manufacturing sector.
Equally important, the growth of the Malaysian economy for the period of 2011-2014 did not depend on the growth of the manufacturing sector because the growth of this sector was largely driven by the performance of exports. Specifically, oils and fats; petroleum refinery; TV, radio receivers, transmitters and related goods; as well as semi-conductor devices, tubes and circuit boards exported 72 percent, 69 percent, 93 percent, and 96 percent of their total final output. During this period, the global economy expanded at a moderate and uneven pace as a result of the global financial crisis and oil price shocks. Therefore, the policy recommendation in the Tenth Malaysia Plan to focus on domestic-driven sectors has a strong justification. Among the domestic sectors, growth policy should be directed to the services sector. This is because the backward and forward linkages for the services sector were closer to 1 and its value added multiplier was 10 times larger than the construction sector. The results in Appendix 1 indicate that the wholesale and retail trades and motor vehicles, education, telecommunications, and banking sectors were the service sub-sectors that have significant contributions to the value added multiplier for the services sector.
Concluding Remarks
Input-output analysis was extensively used in the development and planning to find drivers for the economy. A sector was considered to be a driver of the economy if it demonstrates high backward and forward linkages, as well as having a large multiplier impact. Based on the available literature, previous studies identified the drivers of the Malaysian economy based on the traditional linkage and multiplier measures. In this study, we have shown that the traditional method in measuring linkages and multipliers is biased and fails to consider the relative sectoral sizes. Consequently, the identification of drivers for the economy were likely inaccurate, which in turn, will have a serious implication in designing growth-related policies. In this paper, we introduced new linkage and multiplier measures that adjust for the relative sectoral sizes.
Comparing the results between the traditional and new approaches, there is a clear indication that the former incorrectly identified the drivers of the Malaysian economy. Analyses on five aggregated sectors reveal that the construction sector was considered to be the main driver for the economy based on the traditional approach, while the manufacturing sector was found to be the main driver under the new approach. For the multiplier impacts, the traditional approach overestimated the actual size of the impacts because it implicitly assumes equality in the sectoral sizes. This embodied assumption may not be realistic because a one-unit increase usually requires more efforts in a smaller sector than it does in a large sector. In addition to the relative sectoral sizes, this paper also strongly suggests that the identification of economic growth drivers of the economy should be targeted on the linkage and multiplier measures based on their value-added. The methodologies that were provided in this paper also can be extended for other policy targets, such as tax, employment and income.
This paper also provides a useful methodology to find economic drivers for growth policy planning. The policy cost varies in stimulating different sized sectors, whereby stimulating sectors with low linkage and multiplier impacts will be more costly than stimulating sectors with large linkage and multiplier impacts. However, methodologies developed in this study may be less suitable if the policy interest is to promote growth and development of an infant sector. Essentially, development and promotion of an infant sector requires huge investments and being less connected with the rest of the sectors in the economy. 
